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Abstract 
In recent years, the needs of force measurement in medicine are becoming stronger to realize further effective treatments and 
quantitative assessments. For example, quantitative safety assessment can be realized by introducing such force sensors by 
monitoring the interaction force on the conventional medical devices - such as surgical knife or forceps, to the organs. In addition, 
as force information is significantly deteriorated in the domain of Minimally Invasive Surgery (MIS) due to the discrepancy of eye-
hand coordination and frictions of MIS devices through the body incision holes, the surgeons must perform the surgery in obtaining 
the force information alternatively from the vision through endoscope. Therefore, such force sensors potentially play a key role for 
the surgery with further quantitative assessments. From these backgrounds, we propose a new force sensor using fiber optic that is 
compatible with medical applications. Fiber Bragg Grating (FBG) enables force measurement in the long axis of the fiber by 
measuring the wavelength shift of spectral response of light source. In contrast with conventional force measurement methods such 
as strain gauge, FBG sensor does not emit any electric noise, either be influenced. The presented backbone shape allay force sensor 
using FBG fiber optic was developed to realize a bending force sensing in a compact stick shape implementation with the capability 
of sterilization, temperature compensation and output amplification. In this paper, the sensor structure, mechanical principle, 
prototype implementation and evaluations are descried. 
 
© 2012 The Authors. Published by Elsevier B.V. Selection and/or peer-review under responsibility of Professor Mamoru Mitsuishi 
and Professor Paulo Bartolo 
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1. Introduction 
In recent years, force measurement in medicine is 
becoming a growing need to realize further effective 
treatments and quantitative assessments. For example, 
quantitative safety assessment can be realized by 
introducing such force sensors by monitoring the 
interaction force on the conventional medical devices - 
such as surgical knife or forceps. In addition, as force 
information is significantly deteriorated in the domain of 
Minimally Invasive Surgery (MIS) due to the 
discrepancy of eye-hand coordination and frictions of 
MIS devices through the body incision holes, the 
surgeons must perform the surgery in obtaining the force 
information alternatively from the vision through 
endoscope. Therefore, such force sensors potentially 
play a key role for the surgery with further quantitative 
assessments. Furthermore, surgical robots such as 
DaVinci system[1], are becoming common in MIS, 
however, accurate force measurement is not equipped 
with these systems until today. From these backgrounds, 
we propose a new force sensor using fiber optic that is 
compatible with medical applications.  
1.1. Medical force sensor using Fiber Bragg Grating 
Fiber Bragg Grating (FBG) enables force 
measurement in the long axis of the fiber by measuring 
the peak wavelength shift of spectral response of light 
source (Fig.1). In contrast with conventional force 
measurement methods such as strain gauge, FBG sensor 
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does not emit any electric noise, either be influenced. 
Such electric noise resistance is beneficial for MIS tools 
that are commonly exposed by large amount of electric 
noise from medical treatment devices such as an electric 
knife. In addition, FBG is essentially a biocompatible 
fiber optic with a diameter of approximately 100 
micrometer, thus the force sensor can be implemented in 
a compact size by designing the sensor structure in 
taking into account the FBG characteristics. Furthermore, 
multiple FBG sensor parts can be continuously 
implemented in a row on a single fiber, and each sensor 
part can be monitored independently in real time. It 
should be noted that the wavelength shift is occurred 
also by temperature change of the FBG sensor parts. 
Thus the thermal compensation must be implemented. 
The presented backbone shape allay force sensor 
using FBG fiber optic was developed to realize a 
bending force sensing in a compact stick shape 
implementation with the capability of sterilization, 
output amplification and temperature compensation. In 
this paper, the sensor structure, mechanical principle, 
prototype implementation and preliminary evaluations 
are descried. 
1.2. Related research 
As related research, Iordachita et al. presented a FBG 
embedded surgical tool for eye surgery. Two FBG fiber 
optic were embedded in the system to realize 2 DOF 
bending force monitoring[2]. Park et al. presented an 
omni-directional grasping force sensor for industrial 
robot using fiber optics[3]. Haslinger et al. presented 6 
DOF force sensor for surgical robot integrated in a 
conventional parallel structure[4]. In these studies, FBG 
sensors were mainly embedded into conventional sensor 
structure, or only used as expansion and contraction 
force sensor. In addition, these sensors require an extra 
reference FBG sensor for thermal compensation. In this 
study, we propose a backbone-shape structure as a new 
sensor structure using FBG, for medical application. The 
proposed sensor has a stick shape, and can be 
implemented on conventional surgical tools. The 
advantages of the proposed structure are: compact, 
lightweight, temperature compensation (without extra 
reference sensor), and output amplification. 
2. Method 
In this study, we propose a medical force sensor using 
FBG sensor, based on the specifications: 
 
• The sensor can be applied to conventional MIS tools, 
such as forceps. 
• The size of sensor must be sufficiently compact to be 
applied to conventional surgical tools. 
• The sensor can measure the bending force. 
• The sensor must be made of biocompatible material. 
• The sensor must not emit electric noise either be 
influenced.  
• The sensor must not need extra reference FBG sensor 
part, that can be often prevent a simple 
implementation of sensor, since the reference sensor 
part basically should be isolated from external force 
to purely monitor the thermal condition. 
2.1. Sensor structure 
The proposed back-born shape structure is illustrated 
in Fig.2. Two fibers are bonded to a back-born shape 
structure that is made of stainless steal, and FBG sensor 
parts are located in each gap in the structure. These gaps 
are filled with soft covering gel. By the presented 
structure, 1 DOF bending force can be measured.  
The most important characteristic of the sensor 
structure is its back-born shape that has gaps on both 
sides located at even intervals. When the bending force 
is applied as illustrated in Fig.2, the stress is 
concentrated at the gap parts, since the gap parts are low 
in intensity of strength locally. Then the structure 
translates the bending motion to the expansion and 
compression of the FBG sensor parts. In Fig.2, the 
expansion is occurred on FBG-I, and compression is 
occurred on FBG-II. Therefore, the sensor can measure 
the bending force using FBG sensors. As the FBG sensor 
parts can be located in a row (as FBG I-A and I-B, FBG 
II-A and II-B), multiple dimensional bending can also be 
monitored. This feature can be beneficial for applying 
the sensor to the MIS tools, since these tools have 
basically long tube shape to reach the surgical area 
through the incision hole.  In addition, by monitoring the 
differential output between FBG-I and FBG-II, the 
sensor output can be amplified in two times. 
Furthermore, temperature compensation capability can 
be also provided by the proposed structure, since the 
temperature shift can be detected by the wavelength shift 
in a same direction between FBG-I and FBG-II.  
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Fig. 1. Sensor principle of FBG sensor 
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The proposed sensor can be fabricated using 
biocompatible material to be used as MIS tools. As the 
sensor has a stick shape, sensor can be used directly to 
MIS (such as laparoscopy), and also, the sensor can be 
attached to conventional MIS tools to add the force 
measurement capability. In this case, the sensor needs an 
additional calibration before the usage, since the sensor 
characteristic is influenced by the attached tool’s rigidity.  
2.2. Implementation 
The prototype sensor is illustrated in Fig.3. The 
prototype has the diameter of 2 mm, the length of 40 mm, 
the FBG embedded gel length of 10 mm, the distance 
between gel parts is 20 mm. The back-born structure was 
made of SUS304, and medical silicon rubber was used 
as gel. The prototype structure was designed as the 
maximum force of 25 N can be applied, in taking into 
account the usage in general laparoscopic surgery. Fig.4 
illustrates the FBG sensor implemented in the prototype 
(K09D-017, Shinkodensen co. ltd., Japan). The clad 
diameter of fiber is 125 micrometer. As the FBG sensor 
monitor, SF3041 was used (Anritsu co. ltd., Japan). The 
technical specifications of FBG sensor monitor is 
described in Table 1. For the sensor implementation, the 
FBG sensor must be bonded on to the sensor structure in 
pre-loaded pull force to measure the compression force. 
In this study, we used a pre-load equipment and 0.6 nm 
of wavelength shift was set as a pre-loaded condition. 
The measurement resolution of the prototype was 0.03 N 
and maximum force was 25 N.  
3. Results 
As preliminary evaluations of the developed 
prototype, a bending force calibration test and a 
temperature compensation test were conducted. 
3.1. Bending force calibration test 
In this experiment, one side of the sensor is fixed and 
the load was applied on two points (point 1 and point 2) 
independently as illustrated in Fig.5(a). The load was 
applied gradually from 0 to 1 N, and unloaded gradually 
in a same manner. The measurement frequency of the 
FBG sensor monitor was set as 100 Hz, and the 
wavelength shift was observed by averaging 20 samples. 
In this experiment, the measurement was conducted in a 
constant temperature chamber (PAU-300S, Apiste co. 
ltd., Japan) to eliminate the influence of temperature 
cahge. The temperature was set as 25 °C  
Experimental results were shown in Fig.5(b)(c). The 
wavelength shift was the amount of observed 
wavelength shift from the original position (no load 
applied) of the sensor. High linearity was observed in the 
relationship between the wavelength shift and applied 
load from the experimental results. The average of 
correlation coefficient in all FBG sensor parts was 
0.9987. Subtle difference of sensor output characteristics 
was observed between each face-to-face pair of FBG 
sensor (FBG I-A and FBG II-A, FBG I-B and FBG II-B), 
due to the minor difference of bonding condition 
between the fiber and structure and individual difference 
of fibers. However, these differences can be 
compensated using the obtained results in this 
calibration. As it is shown in the results, the wavelength 
shift was observed symmetrical. Therefore, it is 
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Fig. 3. Prototype system overview 
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Fig. 4. FBG sensor implementation 
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Fig. 2. Back-born shape sensor structure 
Table 1. Technical specifications of FBG sensor monitor 
Model SF3041A 
Max. measurement period 680 Hz 
Measurable wavelength range 1520-1570 nm 
Relative accuracy 10 pm 
Number of ports 4 
Applicable fiber SMF, PMF 
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confirmed that the output amplification can be 
implemented by monitoring the differential change 
between these two outputs. In addition, the output was 
drastically changed between point 1 and 2. This result 
indicates that the sensor can be applied to detect the load 
on multiple points, or potentially estimate the position of 
load applied (in the case that the load is applied on a 
single point). 
3.2. Temperature compensation test 
In this experiment, one side of the sensor is fixed, 
then the temperature was changed from 15 °C to 40 °C. 
The measurement was conducted in each 5 °C, after 
stabilizing the temperature in the chamber. The 
measurement frequency of the FBG sensor monitor was 
set as 100 Hz, and the wavelength shift was observed by 
averaging 100 samples. 
Experimental result (Fig.6) shows the relationship 
between the wavelength shift and external temperature. 
The wavelength shift in this experiment is the measured 
wavelength shift from the original wavelength at 25 . 
From the results, high linearity was observed in the 
relationship between the wavelength shift and 
temperature,and the average of correlation coefficient in 
all FBG sensor parts was 0.9997.  On the other hand, 
subtle difference of sensor output characteristics was 
observed between each face-to-face pair of FBG sensor 
(FBG I-A and FBG II-A, FBG I-B and FBG II-B), due 
to the same reasons described in the previous section 
(3.1). Therefore, it was shown that the temperature 
compensation can be effectively implemented using the 
proposed sensor structure. 
4. Conclusions 
In this paper, a back-born sensor structure based on 
the FBG sensor characteristic for medical force sensor 
was presented. The structure plays a key role to convert 
the bending motion to the expansion and compression 
motion that FBG sensor can ideally measure. By using 
the proposed sensor structure, the medical force sensor 
can be implemented as compact, lightweight, 
biocompatible within a capability of temperature 
compensation and output amplification. The prototype 
and evaluation tests showed promising results to be 
applied to MIS tools. We are currently working on more 
compact with multi-DOF force sensing capability based 
on the presented sensor structure. 
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(b) Experimental result (load applied on the point 1) 
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(c) Experimental result (load applied on the point 2) 
Fig. 5. Bending force measurement test 
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Fig. 6. Temperature compensation test 
